Anterior cingulated cortex (ACC) is involved in "the state in which patients do not care much about pain despite its presence" which is a goal of psychosomatic treatment. To investigate the absolute concentration of N-acetylaspartate (NAA) in the anterior cingulated cortex (ACC) as predictors of patients that may benefit from cognitive behavioural therapy in the treatment of chronic pain. Proton magnetic resonance spectroscopy ( 1 H-MRS) was performed with a 1.5 T MR system on a voxel in the bilateral ACC in 85 chronic pain patients and 20 age-matched normal control subjects. Eighteen out of 24 (75.0%) patients whose NAA concentration decreased significantly in the ACC, respectively, compared to the mean NAA concentration of the normal control subjects, needed cognitive behavioural therapy. Our results suggest that decreased NAA concentration in the ACC is associated with the necessity of cognitive behavioural therapy. 1 H-MRS may serve as a useful non-invasive tool for evaluating chronic pain patients.
Introduction
In recent years, studies using brain function imaging have gradually clarified the brain regions associated with pain leading to a more objective evaluation of pain [1] . The anterior cingulated cortex (ACC) have been demonstrated to be involved in cognitive-evaluative and affective-motivational aspects of pain in several functional neuroimaging studies including those using functional magnetic resonance imaging (fMRI) [1, 2] . Studies using voxel-based morphometry (VBM) or fMRI in patients with chronic pain have shown atrophy of the ACC [3] , and activation of ACC have been produced by virtual pain stimulation using a video [4] . Thus, functional changes in the ACC are considered to be closely involved in chronic pain [1] [2] [3] [4] .
It was reported that patients no longer showed psychological suffering despite the presence of pain after ACC resection as treatment for chronic pain [5] . Other studies have also shown a marked increase in blood flow in the ACC and pain relief during electrical stimulation of the cerebral cortex [6] , ACC activation by the anticipation of pain [7] , and activation of the ACC by placebo administration [8] . In patients with central pain, a functional decrease in the ACC is considered to be the cause of specific unpleasantness [9] , and ACC activity was reported to be correlated with the degree of pain and unpleasantness [9] . A recent study using Proton magnetic resonance spectroscopy ( 1 H-MRS) showed suffering in neuropathic pain patients after spinal cord injury are associated with the level of N-acetylaspartate (NAA) in the ACC [10] . These findings also suggest that ACC is involved in "the state in which patients do not care much about pain despite its presence" which is a goal of psychosomatic treatment.
We measured neural activity in Brodmann Area 24 (BA24) in the ACC, using 1 H-MR spectroscopy ( 1 H-MRS) to evaluate the effect of chronic pain. MRS is a noninvasive method for the measurement of metabolites in the brain using an MRI system. N-acethyl-aspartate (NAA) obtained using 1 H-MRS is amino acid specific to and present only in neurons [11, 12] . Furthermore, there is no age-related differences on the level of NAA in the ACC and PFC [11, 12] . Therefore, it is clinically used as a noninvasive parameter of local neural function in the brain for the differential diagnosis of Alzheimer's disease [13] and post-traumatic stress disorder (PTSD) [14] .
In this study, to investigate whether the absolute concentration of NAA in the ACC can be a valuable evaluation tool of chronic pain that may benefit from a cognitive behavioural therapy (CBT), we investigated the absolute concentration of NAA in the ACC bilaterally, of chronic pain patients and healthy comparison subjects by 1 H-MRS.
Materials and Methods

Subjects
The subjects consisted of 85 patients (41 males, 44 females, ages 17 -83 years, 55.91 ± 15.02 years) with chronic pain (neuropathic pain, 20; complex regional pain syndrome: CRPS, 20; chronic low back pain, 20; whiplash syndrome, 9; other chronic pain, 16) who were referred to the pain management clinic of the Department of Anesthesiology of the Shiga University of Medical Science Hospital. The left side was affected in 24 patients, and the right side was affected in 27. The duration of pain was 4 -396 months. Psychological approach, such as a cognitive behavioral approach by psychologist was determined by multidisciplinary conference with psychologist. These patients were compared with 20 age-and sex-matched healthy controls (11 males, 9 females, ages 17 -79 years). They were screened with a questionnaire and an interview, and those with current or a history of mental disorder, neurological disease or head trauma were excluded.
This study was approved by the ethics committee of Shiga University of Medical Science Hospital and informed written consent for participation in this study was obtained from all patients and volunteers.
MR Imaging
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H-MRS examinations were performed at 1.5 T (SIGNA MR System, General Electric, Milwaukee, WI, USA) using a standard circular polarized head coil. The voxels of interest were selected in the bilateral ACC region on sagittal and coronal T1-weighted images of the head ( Figure  1) .
I H-MRS spectra were obtained using the simulatedecho method (STEAM) with chemical shift selective saturation (CHESS) pulse sequence with a repetition time (TR) of 2 sec, echo time (TE) of 30 msec and 96 acquisitions in the anterior cingulated cortex. Based on the peaks of spectra, the NAA concentrations were determined.
Spectral analysis was performed using linear combination model (LC model) software [15] , which yields concentrations of NAA (Figure 1) . Brain voxels of interest were chosen in gray matter of the ACC (BA 23) from the axial plane by a skilled neuroradiologist.
Evaluation Items and Statistical Analysis
The intensity of pain in the patients was evaluated using a Visual Analogue Scale (VAS). VAS levels of pain severity were rated as 0 -100 mm (0 = no pain; 100 mm = maximal pain). The Hospital Anxiety Depression (HAD) test [16] was performed, and the severity of anxiety and depression associated with pain in the patients was evaluated.
In each region of interest, the NAA concentrations ipsilateral and contralateral to the affected limb were compared to determine whether there was a hemisphere predominance. The possible correlations between the NAA concentration in each region and the intensity of pain, duration of disease, or pain-associated affective-motivational changes were evaluated. We compared the absolute concentration of NAA in the ACC bilaterally, of chronic pain patients who needed CBT and those that did not require CBT. The NAA concentrations were also compared between the patients and control group.
The NAA concentrations are expressed as the mean  standard deviation, and the two groups were statistically compared using Mann-Whitney's test. P < 0.05 was regarded as significant.
Results
The affected side and NAA concentration in each region (hemispherical predominance):
In the left side-affected patients (n = 24), there was no significant difference in the NAA concentration between the left and right ACC (right ACC; 5.55 ± 0.54, left ACC; 5.49 ± 0.42). In the right side-affected patients (n = 27), there was no significant difference in the NAA concentration between the left and right ACC (right ACC; 5.56 ± 0.44, left ACC; 5.55 ± 0.51). No significant difference (P > 0.05) was observed between NAA concentrations ipsilateral to the affected side and those contralateral to the affected either in the ACC in chronic pain patients.
In the healthy control subjects (N = 20), the mean left and right NAA concentration of the ACC was 6.12 ± 0.35, and the range was 5.77 to 6.47. There was no association between age and the mean NAA concentration on the left and right sides in the ACC in the control group.
Compared with the 20 healthy controls, the NAA concentration was significantly (mean ± 2SD) lower in the ACC in 22 of the 68 patients with chronic pain.
In the chronic pain patients (N = 85), the mean NAA concentration (5.70 ± 0.50) of the ACC was significantly lower in the patients than in the control group (6.12 ± 0.35) (Figure 2) .
Twenty-four out of 85 chronic pain patients required a (Figure 2) .
There was no correlation between the intensity of pain, the pain duration and the NAA concentration in ACC. There was no significant difference in the NAA concentration of the ACC between the patient group with marked anxiety (n = 17; anxiety > 11) (ACC; 5.70 ± 0.43) in the HAD test and the patient group without anxiety (n = 68; anxiety < 10) (ACC; 5.79 ± 0.48). There was no significant difference in the NAA concentration between the patient group showing marked depression associated with pain (n = 27; depression > 11) (ACC; 5.68 ± 0.47) in the HAD test and the patient group without depression (n = 58; depression < 10) (ACC; 5.66 ± 0.48).
Discussion
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H-MRS is a noninvasive method for the measurement of biological metabolites that are difficult to morphologically evaluate [11, 13, 17, 18] . NAA is localized in neurons at high concentrations and therefore is correlated with the density of normal neurons [11, 13, 14] . In ACC, the NAA concentrations ipsilateral to the affected limb were similar to those contralateral to the affected limb, showing no hemispherical predominance. Further, Coghill et al. [19] reported bilateral activation of ACC following painful stimulation. Therefore, in this study, irrespective of the affected side, the mean NAA concentration on the left and right sides of ACC was used for evaluation.
Reductions of NAA in the ACC were reported to be specifically linked to the presence of chronic pain with spinal cord injury [17] . A study using 1 H-MRS in patients with diabetic neuropathy showed a decrease in the NAA concentration in the ACC in patients with marked pain [18] . Thus, the decrease in the NAA concentration suggests a decrease in the function of normal neurons in the ACC due to persistent unpleasantness associated with pain. In this study, the chronic pain patient group showed a significant decrease in the NAA concentration in ACC, compared to normal controls. Evaluation of ACC function may be a key to the successful treatment of chronic pain.
In the clinical setting, we often encounter patients with chronic pain showing depression and anxiety in which these affective changes further modify pain. However, the results of this study showed no significant difference in NAA concentration in the ACC in the patient group with marked anxiety and depression associated pain. There was no association between the intensity of pain, duration of pain, depression, anxiety and NAA concentration in ACC.
In this study, cognitive behavioural therapies were necessary in patients showing a decrease in the NAA concentration in the ACC. Our results using 1 H-MRS suggest that the decreased NAA concentration of the ACC may be related to the necessity for CBT.
After treatment using a CBT performed by psychologist, although the intensity of pain remained the same, "pain obsession" decreased which led to psychological relief. When patients do not care as much about the pain, management for chronic pain may be more successful.
Our results using 1 H-MRS suggest that the chronic pain patients who need CBT tend to have decreased neural activity in the ACC. Our results suggest that 1 H-MRS is a noninvasive method that does not burden patients and is also useful for selecting treatment methods, and can be a new evaluation method in patients with chronic pain.
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